Background: The impact of accelerometer-related methodological decisions relating to the assessment of physical activity and sedentary time has not been conclusively determined in young children. Objectives: To determine the effects of epoch and cutoff points on the assessment of physical activity and sedentary time and to determine the accelerometer wear time required to achieve reliable accelerometer data in children. Design: Children were recruited from centres at Ghent, Glasgow, Gothenburg and Zaragoza. Methods: Physical activity was assessed for 1 week in 86 children (41 girls, 45 boys; mean age 7±2 years) by uniaxial accelerometry. The epoch was set at 15 s and reintegrated to 30 and 60 s. Time spent sedentary and in moderate and vigorous physical activity (MVPA) was assessed using a range of cutoff points. Number of days required to achieve 80% reliability was predicted using the Spearman-Brown Prophecy formula. Results: The Reilly cutoff points (o1100 counts per min (CPM)) indicated less sedentary time per day when comparing 15 vs 30 s and 15 vs 60 s epochs: 570 ± 91 vs 579 ± 93 min and 570 ± 91 vs 579 ± 94 min, respectively; Po0.05. Pate cutoff points (4420 counts per 15 s) reported more MVPA time per day compared with Sirard (890 counts per 15 s) and Puyau cutoff points (43200 counts per min) using 15 s epoch: 78 (4-197) min (median (range) vs 18 (1-80) min and 24 (1-100) min, respectively; Po0.001. Compliance with guidelines of at least 60 min MVPA was 84, 78 and 73% for Pate cutoff points using 15, 30 and 60 s epochs, respectively, but 0% for Sirard and Puyau cutoff points across epochs. The number of days required to achieve 80% reliability for CPM, sedentary and MVPA time was 7.4-8.5 days. Conclusion: Choice of epoch and cutoff point significantly influenced the classification of sedentary and MVPA time and observed compliance to the MVPA guidelines.
Introduction
In a recent review it was estimated that by 2010 the European Union can expect the numbers of overweight and obese children to increase by B1.3 million children per year, of whom over 0.3 million per year will be obese. 1 In an attempt to counter this obesity epidemic in European children, the IDEFICS (Identification and prevention of dietary-and lifestyle-induced health effects in children and infants) study aims to enhance the knowledge of the impact of lifestyle-related factors, such as physical activity, on children's health. 2 It is therefore essential to accurately classify the physical activity profiles of children. A decline in physical activity has been identified as an important contributory factor to childhood obesity in Europe 3 but is difficult to quantify precisely, as few studies use the same methods of assessment and limited objective data exist. 2 Therefore, accurate and reliable measures of sedentary time and habitual physical activity are essential in studies designed to quantify the frequency and patterns of physical activity in defined populations 4 and to quantify the relationship between sedentary time, habitual physical activity levels and health. 5 Objective assessment of sedentary time and physical activity in children by accelerometry is considered valid, precise and reliable when assessed in a number of different populations. [4] [5] [6] The most appropriate choice of accelerometer epoch and cutoff point for physical activity assessment in children is currently equivocal, 5 as relatively few studies have addressed this and only within a narrow range in terms of age and settings. [10] [11] [12] [13] [14] [15] Therefore, the primary aim of this study was to examine how the classification of average counts per minute (CPM), sedentary and MVPA time varies across epochs when assessed using different published physical activity intensity cutoff points. A secondary aim was to examine the reliability of accelerometer outcome variables (CPM, sedentary and MVPA time) over several days of measurement in a cohort of European children.
Subjects and methods

Subjects
A convenience sample of 96 children were recruited from four validation centres at the universities of Glasgow, Ghent, Gothenburg and Zaragoza. A total of 86 children from the initial cohort (41 girls and 45 boys) aged between 4 and 10 years (mean age 7 ± 2 years; Table 1 ) fulfilled the inclusion criteria for data analysisFthat is, at least 6 days including at least 1 weekend day of valid recording of at least 360 min of continuous monitoring per day, as recommended in previous studies. 16, 17 Written informed consent was obtained from parents and from the heads/principals of participating schools. Ethical approval for the study was granted by the respective ethical committees of each of the four centres.
Height was measured to the nearest 0.1 cm using a portable stadiometer (Seca 225, Seca GmbH & KG., Hamburg, Germany) and body mass was measured using an electronic balance (TANITA BC 420 SMA, TANITA Europe GmbH, Sindelfingen, Germany) for all children and used to calculate body mass index.
Physical activity
Free-living sedentary and physical activity times were objectively assessed using the ActiTrainer uniaxial accelerometer (Actigraph, LLC, Pensacola, FL, USA). The monitor was set to record physical activity in a 15 s epoch. Children wore the accelerometer for seven consecutive days between January and April 2009 during school-term time. Accelerometers were mounted on the right hip of each child by means of an elastic belt and adjusted to ensure close contact with the body. Parents were also asked to complete a daily activity or 'non-wear' diary during the 7-day monitoring period with instructions to record the time the accelerometer belt was attached and removed. Children were required to wear the accelerometer from the moment they woke up in the morning until bedtime in the evening so that a full day of physical activity and sedentary time could be assessed.
Accelerometer data analysis and editing Accelerometer data were analysed using both a standard manual and an automated method of analysis in order to assess the performance of the automated method of analysis. Manual analysis involved the data being downloaded using ActiLife software (Actigraph) and all outcome variables were computed using Microsoft Office Excel 2003 (Microsoft Corporation, Redmond, WA, USA). This required inserting the raw data into a specifically designed macro. This macro calculated CPM, total monitoring time, number of minutes spent in each physical activity intensity for each cutoff point and percentage of overall time spent in the specified activity level. The manual method relied heavily on the activity/ non-wear diaries provided to the parents to record device Physical activity assessment in young children R Ojiambo et al on/off times. Accelerometer wear time was inputted manually into the macro by referring to the on/off times reported in the activity/non-wear diaries. The primary difference between manual and automated analysis is the manner in which non-wear time is excluded from the data in the manual method, with exclusion being based on diaries, whereas the automated method used an algorithm developed using R (version R 2.9.0., R Foundation for Statistical Computing, Vienna, Austria; http://www.R-project.org). A set of add-on functions to R was developed that allowed R to automatically read in the accelerometer raw files, reintegrate data collected in 15 s epoch to 30 and 60 s, edit the data for excluding the likely non-wearing periods and compute daily summary statistics. Two rules were used for excluding data:
(1) all negative counts were replaced by missing data code and (2) periods of 20 min or more consecutive zero counts were replaced by missing data code before further analysis, as recommended by Treuth. 18 The output generated by R included the same summary statistics as in the manual analysis. The automatic analysis of all data files with R took less than 5 min to compute, compared with a number of weeks using the manual method. There was excellent agreement in accelerometer outcome variables between the manual and automated analysis (data not shown); hence, only the accelerometer outcome variables generated from the automated analysis are included in the present analysis. Specific software details can be obtained from the corresponding author on request. Data were analysed using previously published cutoff points. [19] [20] [21] [22] For sedentary activities these were as follows: Reliability of accelerometer variables over several days of measurement Reliability coefficients for accelerometer outcome variables (CPM, sedentary and MVPA time) over several days of monitoring for at least 6 h per day were computed using the intra-class correlation coefficient (ICC) defined below
where s b 2 is the between-subject variance component and s w 2 is the within-subject variance component. Reliability was also predicted using the Spearman-Brown Prophecy formula, 25 which uses ICC as a measure of reliability as defined below
where N is the number of measures or days needed, ICC t is the desired level of reliability (typically 0.7-0.9) and ICC s is the single-day reliability. 
Results
Of the total sample of 96 children recruited by the four different centres, 86 fulfilled the inclusion criteria for data analysisFthat is, at least 6 days including at least 1 weekend day of valid recording of at least 360 min of continuous monitoring per day (Table 2) . Subject adherence remained above X90% for the first 6 days of the week-long study period. Compliance fell to 52% on day 7 as, for practical reasons, accelerometers were collected from children at the Zaragoza centre when children completed the time-consuming final body composition measurements (see Bammann et al
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) and had to remove the accelerometer. If final day data from Zaragoza were removed from the adherence analysis, compliance on the final day remained high at 75%. Table 3 shows the reliability coefficients of accelerometer variables over several days of monitoring. Single-day ICC was 0.32 for average CPM, 0.33 for sedentary time and 0.35 for MVPA. The number of days (including at least 1 weekend 
Reliability of accelerometer variables over several days of measurement
Discussion
This study illustrates the significant effect that both epoch and cutoff point selections have on reported sedentary time, physical activity and observed compliance to public health guidelines in young children. Choice of epoch had a significant effect on the time spent engaged in sedentary activity (Table 4) , with shorter (15 s epoch) vs longer (60 s epoch) epochs resulting in significantly lower sedentary time using both Sirard and Reilly cutoff points (Table 4) . However, using the Puyau cutoff point, the opposite was found, with significantly higher sedentary time for a 15 vs 60 s epoch (Table 4 ). This finding is in contrast to a previous study by Reilly et al., 8 who reported no significant epoch effect on classification of sedentary time. However, the present study involved higher subject numbers compared with the previous study (86 vs 32 subjects), which may explain this discrepancy. In support of the current debate on the most appropriate epoch length for accurate assessment of sedentary time and physical activity in paediatric and youth studies, the present findings indicate that lower epoch durations reveal significantly less sedentary time using Sirard and Puyau cutoff points and more MVPA time across all the three cutoff points evaluated. This is consistent with the finding that high-frequency sampling of physical activity appears more accurate and reliable in quantifying physical activity in children. 12 However, it remains to be determined which epoch and cutoff points are the most appropriate when assessing physical activity in relation to health outcomes. Differences in published activity thresholds are too large to allow a meaningful comparison between studies. 7 Similarly, comparisons of physical activity prevalence between studies using shorter epoch lengths vs. longer epoch lengths should not be made.
11 Abbreviations: CPM, counts per minute; ICC, Intra-class correlation coefficient (intra-individual/total variation); MVPA, moderate and vigorous physical activity.
a Predicted by Spearman-Brown Prophecy formula. b On the basis of 6 days (defined here as X6-h) of monitoring including at least 1 weekend day. Physical activity assessment in young children R Ojiambo et al Epoch selection had a significant influence on reported MVPA time using all three cutoff points, with B10 min more MVPA time with 15 s epoch compared with 60 s epoch (Table 4) . However, the physiological significance of these modest differences in MVPA time remains to be determined. The lower Pate cutoff point threshold for moderate-intensity activity resulted in children being classified as more active than the higher moderate-intensity physical activity thresholds such as the Puyau and Sirard cutoff points (Table 4) . Previous studies reported similar trendsFthat is, a decrease in reported MVPA time as epoch length increased. 8, 15 In contrast,
Edwardson and Gorely 11 reported the opposite trend in their adolescent sample, in which shorter epoch durations were associated with less MVPA time. However, these authors also reported a nonsignificant increase in MVPA time with a decrease in epoch length in younger children aged 7-11 years. These authors suggested that choice of epoch is less important if the aim of a study is to measure MVPA; however, in this study, epoch length was significantly associated with time spent in MVPA (Table 4 ) depending on which cutoff point was selected. This discrepancy between studies may be due to the use of age-adjusted cutoff points in the Edwardson and Gorely 11 study or due to sample-specific differences between these two studies. This further emphasises the need to use population-specific cutoff points and epochs in paediatric studies, although this limits comparison across populations.
Choice of epoch and cutoff points significantly influenced the percentage of children in the present study fulfilling the current guidelines for appropriate physical activity intensity levels. 23 The higher MVPA compliance seen using Pate cutoff points was due to the lower threshold values for MVPA. On the contrary, Sirard and Puyau cutoff points indicated 0% compliance. Therefore, there is an urgent need for more empirical evidence to link epoch and sedentary and MVPA cutoff points to health outcomes in view of the fact that choice of epoch and cutoff point selection influences observed compliance to these guidelines. In contrast, the accelerometer outcome variable CPM was relatively independent of cutoff point selection and choice of epoch. Therefore, this measure of physical activity may allow a greater ease of comparison between studies. Seasonality due to school terms, school holidays and climate is an important factor to be considered when estimating habitual physical activity and sedentary time in children. 9 Determining reliability estimates for accelerometer outcome variables is necessary to assess the robustness of these variables over several days of monitoring in specific populations. Reliability analysis of accelerometer outcome variables indicated that a minimum duration of 6 h for 7-9 days of monitoring and including at least 1 weekend day was required to achieve 80% reliability in the present cohort (Table 3 ). The predicted number of days required to reliably monitor physical activity and sedentary time in the present study was somewhat higher than the 3-5 days previously suggested for children. 8, 9 However, compliance rates tend to fall with increasing days of monitoring (Table 2) ; therefore, there needs to be an optimal balance between retaining a sufficient number of participants for longitudinal analysis and for achieving good reliability. 9 Irrespective of the epoch duration and cutoff points used, it is important to standardise accelerometer data reduction rules, 26 such as definition of a valid day, number of days required and number of consecutive zeroes to define nonwear time, as all these influence accelerometer outcome variables. More stringent inclusion criteria can dramatically reduce subject numbers and therefore limit the usefulness of this approach for longitudinal analyses. 26 The present study is not without limitations, which include lack of a criterion measure of physical activity assessment such as direct observation. This limits our ability to recommend the most appropriate epoch and cutoff points to relate to physiological outcomes such as energy expenditure. Secondly although determination of the reliability of accelerometer outcome variables is useful for accurately and reliably assessing physical activity and sedentary time across a variety of populations and measurement protocols, applying any of these target number of days to all studies of physical activity and sedentary time in children will have inherent limitations. 17, 27 The sample-specific nature of the ICC has been demonstrated in a number of physical activity studies. 17, 27 This is because the magnitude of the intra-and inter-individual variance in physical activity is specific to the population in which they were collected and the factors that influenced physical activity in the days that were sampled in the monitoring period. Furthermore, the Spearman-Brown formula assumes that the ICC remains the same when additional monitoring days are added, which may not be the case. 17, 28 In summary, this study has clearly demonstrated the effect that both epoch and cutoff points have on sedentary and MVPA classification in young children. Even though it is clear from the results presented that cutoff points and epoch have a significant effect on reported sedentary time and MVPA levels, the actual physiological significance of the modest differences observed when sampling at 15 vs 60 s epoch across the different cutoff points has yet to be determined. 29 For example, it is unclear whether these relatively small differences in MVPA measured using shorter epochs actually contribute to the suggested health benefits of achieving 60 min MVPA per day. 23 The biological significance of the observed differences remains to be determined and is currently being investigated in the IDEFICS study using the doubly labelled water criterion measure to assess energy expenditure in combination with accelerometer outputs (Bammann et al.
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). Epoch and cutoff points have a significant effect on sedentary and MVPA classification, but the effect varies depending on the cutoff point and epoch selected. It is emphasised that, for ease of comparison between studies, consensus should be achieved on the choice of epoch and cutoff points used to assess physical activity and sedentary time in children. Furthermore, at least 6 h for 7-9 days of monitoring and including at least 1 weekend day would appear to be necessary to reliable assess physical activity and sedentary time in young children.
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